Abstract: This paper presents the results of the application of the machines and tools for new technologies in plant production for two years of research. The comparative analysis of the influence of new technologies and new types of machines was done, and also the effect of conventional tillage systems on several agricultural crops (sunflower, commercial maize and wheat). During the experiment, we analysed the effects of application of new line of machines to: physical properties of soil, morphological features of crops, use of energy and yield, and we also analysed the economic aspects of the application. On the control plots, a conventional tillage system was simultaneously applied for comparative analysis of the previously mentioned factors. Trials were conducted on production plots of Maize Research Institute "Zemun Polje" in Krnješevci
Introduction
Soils with heavy mechanical texture − soils HMT require the processing system that ensures conservation of natural resources of fertility and prevents soil degradation processes, especially in terms of optimisation of energy use, action and water.
A large number of researchers who have studied this type of soil (Vasić et al, 1991; Radojević et al., 2006; Kovačević et al., 2009a) , point out that soil HMT possesses a number of specific characteristics, especially unfavourable physical and water-air properties. Because of the wide distribution of this type of soil, there is a need to modify existing methods of treatment, with a combination of existing and new technologies in the production process of the most important crops (Antončić, 1990; Ercegović et al., 2008 Ercegović et al., , 2009a .
The world today pays great attention to the development of agricultural machinery for the application of new technologies in the processes of exploitation of soil HMT. The Institute of Agricultural Engineering of the Faculty of Agriculture in Belgrade has been working on developing new technologies and agricultural engineering solutions for soil HMT on the surface and depth for a long time period.
These researches are directed to define and verify the technological parameters of machines and tools, test endurance of soil tillage HMT, test the effect of the implementation of new solutions to the physical-mechanical properties and water properties of that soil, test use of energy, resources and crop yields.
Researches with a new processing techniques that are applied to soil HMT, are aimed at examining the possibility of unfavourable physical and hydro-physical properties in order to raise fertility of these soils and crop yields (Kovačević et al., 2008; Kovačević et al., 2009b) . Bearing in mind that in Serbia we have more than 400,000.00 ha of soil HMT and approximately 1 million hectares of degraded soil in different ways, these kinds of researches are important and useful from the standpoint of science, and even more from the standpoint of applying this research to practice.
Materials and Methods

Location and period of experiment performance with the applied technique
Experimental researches of application of new types of machines and tools were made in the production areas of the Maize Research Institute "Zemun Polje", O.D. Krnješevci in Krnješevci, on the production plot T-XVII, type of soil -meadow chernozem and humogley. The highest point of this field is 77.0 m and the lowest 74.9 m above sea level. Although there is no evidence of special micro-depression, there are sites where water retains (Profiles No. 14, 29, 33) (Vasić et al., 1991) , probably due to the small coefficient of surface water runoff.
The experiment was conducted during 2008, 2009 and 2010 on the experimental plot, T-XVII, area 45.68 ha, where experimental and control plots were set (Figure 1 ). Previous crop on this soil during the production year of 2007 was a sunflower, and in the year of 2008 it was the malting barley. For the production year of 2009 the experimental plots were set up for two kinds of crops: sunflower (hybrid Albatre) and commercial maize (hybrid ZP SC 360 Ultra) and accompanying control plots, where the size of both experimental and control plot was 5 ha. For the production year of 2010 experimental and control plots were set up for one culture − wheat. Experimental plot occupied the area of 9.45 ha and the control plot occupied the area of 6.67 ha. The exact value of the area and elevation for marked plots was determined by measuring, using modern high-precision GPS device-Garmin Vista HCx. (Vasić et al., 1991) and satellite image of production area, T-XVII.
Micro-depressions are able to be noticed and isolated because of the state of crops that were planted in them and that almost always lagged behind or completely failed due to excessive water retention. It was noted that they could be partially processed and that they could be only planted in the autumn period with less rainfall. However, since huge humidity that almost always appears in early spring, due to strong mutual influence of rainfall, drain and high groundwater, sown crops are often damaged or largely destroyed. Therefore, it is obvious that depression sites in this area are among the key issues that require an adequate resolution of the regulation of water regime and improvement of conditions for agricultural production. The limiting factor for the successful agricultural production on this plot is over-wetting of the soil, and so in the spring, it is almost impossible to do a complete sowing at the optimum time.
In addition to the conventional agricultural machinery, new types of machines for cultivation and soil tillage HMT were used in the experiment: Soil leveling scraper (Figure 2 The experiment is based on the identity of all agrotehnical measures on the experimental and the control plot, except that the new types of machines for soil HMT on the surface and depth were used on the experimental plot. A conventional technology of soil tillage was used on the control plot. Conservation tillage involves the absence of ploughing as primary tillage, and the use of the drainage plough and vibrating subsoiler instead.
In the first year of the research (the production year of 2009) a preparation of drainage channel was achieved by using the drainage plough at a depth of 60-80 cm. The distance between the drainage channels was 5 m. Vibrating subsoiler (Figure 4) , was used in the version with 5 working bodies (the distance between the working bodies is 60 cm), with working width of 3 m at a depth of 50 cm. After this treatment, harrowing of the soil was started by using heavy harrow 'Lemind' − 4.5 m. On the control plot ploughing was carried out by using a rotary plough 'Lemken EuroPal 8', at a depth of 30-35 cm.
This type of preparation of plots was done in the first year of testing (the production year of 2009), while in the second year of testing (the production year of 2010), the conventional methods of processing were applied both on the experimental plot and on the control plot. By using the new types of machines, the effects of prolonged application of methods for conservation of soil tillage were examined in this way.
In the first year of research (the production year of 2009), after different tillage systems on the experimental and control plots, all identical agrotechnical measures were applied.
The amount of rainfall during the experiment It should be noted that during the execution of the experiment, the amount of rainfall during the year was monitored and that these results indicate a moderate and properly distributed rainfall throughout the year ( Figure 5 ). Moderate amount of rainfall and its relative distribution over the year at a time of performing experiments on the production plot T-VII have reduced the effects of the drainage on the production plot. Better effect of soil drainage can be seen in the years or periods of years when it is a matter of over-wetting of soil, while during the production years, with regular and moderate rainfall, as these years were, during the experiments, the effects were minimised.
Influence examination of the application of new types of machines on the physical properties of the soil In the researched areas, an important and limiting factor for the successful production is over-wetting of the soil. This fact does not allow the respect of fundamental agrotechnical terms of timely tillage, planting, and normal conditions for growth and development of plants or crop harvesting. Poor infiltration or permeability of soil can be the reason for water retention for a long time, which leads to suppression of crops, lack of normal operation of machinery (jamming and deterioration of the tractor up to the height of the wheels on some depressions). In the first phase, leveling was realised with soil leveling scraper. In the second phase, from 21-23 October 2008, the system of drainage channels with drainage plough was made at a depth of 60-80 cm with a spacing of 5 m. All drainage channels were connected to a central drainage channel. Primary tillage was performed on 24 October 2008 using as the new solution, the vibrating subsoiler VR-5. Conservation tillage was not performed on the control plots, but conventional tillage with reversible fully mounted plough was performed at the depth of 30-35 cm on 18 October 2008.
Samples for testing soil in undisturbed condition, were taken with cylinders Kopecky (100 cm 3 ), in two periods during the growing season of maize, immediately after the first inter-row cultivation on 10 June 2009 and after the second inter-row cultivation on 17 July 2009. Samples were taken from the arable layer of maize from the depths of 0-10 cm, 10-20 cm, 20-30 cm. During the testing period, the following standard methods were used (Bošnjak et al., 1997; Kovačević et al., 2008) .
Soil volume with cylinders of 100 cm 3 and Kopecky method ( Figure 9 ); soil specific mass with Albert-Bogs method; total porosity − calculated on the basis of the volume and specific mass; the amount of water according to the formula: 100 ) 000
where W stands for water content in soil, m 3 /ha, h stands for soil layer thickness, m; c stands for soil volume, g/cm 3 ; b stands for instant moisture, wt%. Influence examination of the application of new types of machines on the morphological characteristics of cultivated plants This study was aimed at determining the influence on the important morphological characteristic of grown plants. Experimental and control plots were prepared as previously described. As for other agrotechnical measures it is necessary to mention that in pre-sowing preparation, which was realised on 6 April 2009, by disking and harrowing, the entire amount of nitrogen with AN and Urea mineral fertilisers (112 kg/ha of active substance), was applied to the experimental and the control plot.
Sowing of sunflower hybrid Albatro was carried out on 9 April 2009, at a density of 56.022 (70 x 25.5 cm) and at the depth of 6 cm. Sowing of maize was carried out on 28 April 2009 with hybrid ZP SC 360 Ultra, at a density of 58.309 (70 x 24.5 cm) and at the depth of 5-6 cm. In the fight against weeds, herbicides were applied to the sunflower -Acris 2. The same actions were taken in sunflower plants, but the mass of roots, stem, leaf, leaf number and weight of bud was measured (Figures 13 and 14) . After drying all parts in the drying chamber, the measurements were repeated in an absolutely dry state. The same procedure was applied to the tested variants of sunflower and maize, during the second sampling in the reproductive stage, precisely at the time of full flowering of sunflower and silking stage of maize.
Results and Discussion
Influence of the application of new types of machines on the physical properties of the soil All data about the obtained physical properties of soil were analysed using the statistic method-analysis of variance. LSD test was used for individual comparisons. The results of the influence of conservation tillage on important physical properties of soil are presented in Tables 1 and 2 . Higher bulk density is an indicator of the increased density. On the soil, to which new types of machines were applied, a significantly lower bulk density was obtained in each period compared with the control. In the first period of research there is a significant difference between the two examined variations and the examined depth, except for the third (20-30 cm). Greater soil loosening in the experimental area can be seen from the higher porosity. Higher porosity allows better air flow and rapid infiltration of water. This can be seen from the moisture content. Higher moisture content on the control variation is a result of higher density of individual layers. The total amount of water has significantly contributed to this. It can be seen that the control variation at all depths has larger amount of water. In loam soils it does not mean higher availability of water. This circumstance at higher rainfall could be the limit on fast water flow.
Based on the data it can be seen that the tested soil properties have their own dynamics during the growing season of maize. These values are lower in the period after the first inter-row cultivation. The second inter-row cultivation will be done after the gradual growth, a month after that.
In the second observation period (Table 2 ), values of the bulk density at all depths and examined layers, are higher than values in the first observation period. The resulting difference between the variant and examined depths is statistically very significant. It shows the positive results of derived impacts of conservation tillage. Tillage system that was used, consisted of leveling of the field, building the drainage canals by using drainage plough and tillage with vibrating subsoiler, has resulted in an increased soil loosening as we can see from significantly lower values of bulk density, higher total porosity and better connection between the solid liquid and gaseous phases in both test periods. The soil properties were improved in the first year and it became more favourable habitat for growing crops, however, the prolonged effect on the other crops in the coming years should be noted.
Influence of the application of new types of machines on the morphological characteristics of cultivated plants
Results of the effects of conservation tillage on the morphological characteristics of sunflower in the vegetative stage of growth during the butonisation, as a characteristic stage of plant growth, are shown in Table 3 . According to the data, a high statistical significance can be seen between examined characteristics, starting with the mass of roots, stem, leaves and buds in the raw condition, and after drying chamber in absolutely dry condition. Table 4 presents the data about morphological parameters of sunflower in the reproductive stage, precisely at the time of flowering and opening of three floral zones. Differences in the monitored parameters, although they were in favour of conservation tillage, were less pronounced. In fact, conservation tillage influenced the mass of stem and the mass of heads. This difference was statistically justified. In the first examination phase of maize -the so-called vegetative phase, the effects of conservation tillage on biomass of root, stem and leaf, in a wet and absolutely dry state were followed. The data are presented in Table 5 . Under the influence of conservation tillage, the mass of root was increased as a result of soil loosening and favourable physical properties. Greater differences in the mass of stem and leaves are statistically significant. Morphological features of root, stem, leaf, young maize tassels and cob, total stem height and stem height to the cob (Table 6) were followed in the generative phase of maize. From the presented data we can clearly see the difference in favour of conservation tillage regarding all tested parameters. High statistical significance was found in the mass of root, stem, number, mass of leaf and length of cob in wet, but not in the absolutely dry state. The total stem height and cob height were not statistically significant. Based on the analysis of data on the influence of the application of new types of machines and soil tools for soil tillage HMT, on more important morphological characteristics of sunflower and maize (mass of roots, stems, leaves and reproductive organs, sunflower heads and maize cob and maize tassels) in their important stages of increase, at the end of vegetative and reproductive stage, it can be concluded that the applied tillage system had a positive effect on the observed morphological characteristics and productivity of maize and sunflower. As the final result of the impact on all analysed morphological features of both crops, a significant increase in grain yield of both crops was achieved. All soil characteristics were significantly improved. This tillage system affected soil loosening. Better characteristics of the soil of reduced compaction made it more favourable habitat for growing crops of sunflower and maize in the very first year.
Influence of the application of new types of machines on yield
The tests, conducted in the first year (the production year of 2009), on experimental and control plot of sunflower and commercial maize, have showed a significantly higher yield on the experimental than on the control plot, i.e. a higher yield was achieved using the new machines for arrangement of soil surface and depth compared to the conventional method of soil tillage. Test results are shown in Table 7 and Figure 15 . In the second year of research (the production year of 2010), the influence of the prolonged effects of conservation tillage with the new types of machines and tools, was investigated. The grown crop was wheat (variety Dragana) on the experimental plot, where conservation tillage was used during the previous year on the surface area of 9.45 ha and on the control plot of 6.67 ha. The results of achieved yield are shown in Table 8 and Figure 16 . A significant increase of yield on the experimental plot can be attributed to the prolonged effect of conservation tillage derived from new types of machines and tools. The beneficial effect of prolonged tillage effect is predicted for the next four years from the date of application, and after that period it is necessary to repeat conservation tillage.
Analysis of economic aspects of the application
The sum of invested energetic parameters (fuel consumption) reduced per unit area, is a major indicator of energy investment in certain types of production. In addition to these investments, there are investments in the purchase of seeds, fertilisers and pesticides, etc., which are identical, both on the experimental and on the control plot. Because of that, these investments are not currently interesting from the standpoint of consideration of the total investment in certain types of products for the system of soil tillage.
In the first year of research (the production year of 2009), in the production of sunflower and commercial maize, the ratio of energy invested in manufacturing, realised yield, energy prices and products, according to the methods of cultivation can be seen from Table 9 . Table 9 . The relation of exploitation, energetic and economic parameters in the production of sunflower and commercial maize, depending on the method of tillage (the production year of 2009). In the second year of research (the production year of 2010), experimental and control plots were subjected to conventional method of tillage, due to the research into the influence of prolonged effect conservation methods of tillage, so it was not possible to make a comparative review of energy and operational parameters, as in the first year of testing. Table 10 presents energetic and economic parameters in wheat production (the production year of 2010). 
Conclusion
Based on the results obtained in the two-year research on the effects of application of conservation and conventional models of soil tillage HMT in the production of sunflower, commercial maize and wheat, using new types of machines and tools, it can be concluded:
By using the drainage plough and vibrating subsoiler a positive effect in the production of soils HMT can be achieved.
All the soil characteristics have been significantly improved. This tillage system had beneficial effect on soil loosening.
Applied system of tillage has had a positive effect on observed morphological characteristics and productivity of maize and sunflower. As the final result, a very significant increase in grain yield in both crops was obtained.
Conservation tillage compared to conventional tillage system results in higher yields of sunflower and maize in the first year ranging from 8.6 to 9.9%. In the second year of the research, the yield of wheat was increased by 20.9%.
By using conservation tillage system, the realisation of optimal agrotechnical terms, the establishment of a more favourable water-air regime of soil HMT is possible, as well as more efficient use of biological fertility of soil.
High fuel costs are restored already in the first year of use, with higher yield. The change of tillage system for soil HMT, has resulted in a yield increase in the production of sunflower and commercial maize, and has brought an additional (extra) profit per unit area of 4,000.00 to 6,000.00 RSD per hectare, which is more if we distribute the costs of fuel in the three production years (a prolonged effect of the application of new technologies).
By using conservation tillage systems of soil HMT, water logging is prevented in depressions of experimental plot during the operation, as well as the accompanying negative effects, while in the earlier years it was a common occurrence.
The application of this new tillage technology of soil HMT has even bigger effect in years with more pronounced rainfall, i.e. with hydrologic-climatic extremes, during the growing season of crops.
Investigations do not represent the final results of the application of new tillage technology of soil HMT. It is necessary to extend this research to other significant culture and to extend the existing research for a prolonged effect of the application of new technologies.
